In 1995, the rate of isolation of Enterobacter aerogenes in the Saint-Pierre University Hospital in Brussels, Belgium, was higher than that in the preceding years. A total of 45 nosocomial E. aerogenes strains were collected from 33 patients of different units during that year, and they were isolated from 19 respiratory specimens, 13 pus specimens, 7 blood specimens, 4 urinary specimens, 1 catheter specimen, and 1 heparin vial. The strains were analyzed to determine their epidemiological relatedness and were characterized by their antibiotic resistance pattern determination, plasmid profiling, and genomic fingerprinting by macrorestriction analysis with pulsed-field gel electrophoresis (PFGE). The majority of the strains (82%) were multiply resistant to different commonly used antibiotics. Two major plasmid profiles were found: most strains (64%) harbored two plasmids of different sizes, whereas the others (20%) contained a single plasmid. PFGE with SpeI and/or XbaI restriction enzymes revealed that a single clone (80%) was responsible for causing infections or colonizations throughout the year, and this result was concordant with those obtained by plasmid profiling, with slight variations. By comparing the results of these three methods, PFGE and plasmid profiling were found to be the techniques best suited for investigating the epidemiological relatedness of E. aerogenes strains, and they are therefore proposed as useful tools for the investigation of nosocomial outbreaks caused by this organism.
The genus Enterobacter is one of the members of the family Enterobacteriaceae and consists of 13 species (8) . Among them, Enterobacter cloacae and Enterobacter aerogenes are the most frequently isolated species, causing infections in hospitalized and debilitated patients (10, 29) . In recent years, E. aerogenes has emerged as an important nosocomial bacterial pathogen (6, 20) . The strains are usually characterized by their high levels of resistance to ampicillin, amoxicillin-clavulanic acid, and expanded-spectrum cephalosporins or imipenem (3, 14, 23, 25) . E. aerogenes outbreaks are often found to occur among intensive care unit (ICU) patients, and colonization usually occurs in the respiratory, urinary, and gastrointestinal tracts and less frequently in skin and surgical wounds (1, 5, 7, 11, 21) .
Nosocomial bacterial infections are an important cause of morbidity and mortality in both developing and developed countries. Transmission of nosocomial outbreak-related bacteria may be effectively controlled by taking appropriate control measures. Before that is done, however, it may be necessary to identify a particular clone or clones of bacteria. The recognition that a single clone is spreading a number of infections is an essential early step in the investigation of a possible outbreak in a hospital. To do that, epidemiological typing of the strains is performed by using possible genotypic and phenotypic methods. Phenotypic techniques are insufficient for discriminating different isolates of Enterobacter spp. However, a number of genotype-based techniques have been successfully applied for demonstrating the differences between the strains (4, (11) (12) (13) 15) . In 1995, the isolation rate of E. aerogenes in the SaintPierre University Hospital was higher than those in the preceding years and in the following year. To determine whether the strains were epidemiologically linked, we analyzed them by using biotyping, antibiotyping, plasmid profiling, and genomic fingerprinting by macrorestriction analysis with pulsed-field gel electrophoresis (PFGE).
(This work was presented in part at the 97th General Meeting of the American Society for Microbiology, Miami Beach, Fla., 4 to 8 May 1997 [14a] .)
MATERIALS AND METHODS
Bacterial strains: origin and identification. The Saint-Pierre University Hospital is a 450-bed teaching hospital located in the center of Brussels, Belgium. It has two ICUs (internal medicine and surgery) of 13 beds each and several departments. The 45 E. aerogenes strains were collected from 33 patients hospitalized in different wards, and their hospital records were reviewed by two investigators to confirm nosocomial acquisition according to the criteria of the Centers for Disease Control and Prevention (9) . The strains were isolated from 19 (42.2%) respiratory specimens, 13 (28.9%) pus specimens, 7 (15.6%) blood specimens, 4 (8.9%) urinary specimens, 1 (2.2%) catheter specimen, and 1 (2.2%) heparin vial specimen.
E. aerogenes isolates were primarily identified in the microbiology laboratory by standard culture techniques (8) . Subsequently, the identities of the strains were confirmed by the BBL crystal E/NF identification system (Becton Dickinson, Cockeysville, Md.). This system provides the interpretation of the results of 30 different biochemical tests including a manual oxidase and indole tests. It is more reliable and cost-effective, can be performed more quickly and simply, and is safer to use than other commercially available microbial identification systems described in several reports (24, 28, 32) .
Screening of environmental specimens. Environmental specimens were screened for E. aerogenes by culturing premoistened swabs from the suspected surfaces and liquid samples obtained from different environmental sources or devices. The samples included swabs of the table surfaces near the infected or colonized patients (n ϭ 10), disinfectants when they were available at the bedside of the patients from ICUs and geriatric units (n ϭ 7), humidifying cascades from the mechanical ventilators of the patients admitted to the ICUs (n ϭ 15), oxygen humidifier bottles for nebulizers (n ϭ 5), tap water and hot and cold water faucets (n ϭ 5), and a heparin vial used for one patient admitted to an ICU (n ϭ 1). No specimens from the hands of the hospital personnel were available.
Antibiotic susceptibility testing. Antimicrobial susceptibility testing was performed on Mueller-Hinton agar (Oxoid Ltd., Hampshire, United Kingdom) medium by a tablet disk diffusion method with Neo-sensitabs (Rosco Diagnostica, Taastrup, Denmark) against a panel of 14 antimicrobial drugs. Neo-sensitabs are produced according to the guidelines of the World Health Organization (33) and are standardized according to the MIC breakpoints recommended by the National Committee for Clinical Laboratory Standards (22) . The zone sizes were interpreted according to the guidelines of the National Committee for Clinical Laboratory Standards (22) . The tablet disks contained the following antimicrobial agents: ampicillin, gentamicin, co-trimoxazole, amoxicillin-clavulanic acid, piperacillin-tazobactam, aztreonam, temocillin, ceftazidime, cefazolin, cefuroxime, ceftriaxone, imipenem, ciprofloxacin, and amikacin. Strains with intermediate zones were considered resistant.
Plasmid profile analysis. Plasmid DNA of the 45 strains was prepared by the method described by Portnoy et al. (26) . By this method, the lysis solution destroys the cell wall as well as the cell membrane and denatures the chromosomal DNA in a single step by the combined action of sodium dodecyl sulfate and an alkaline solution. The technique is based on the fact that a narrow pH range (pH 12.00 to 12.55) can denature only the linear chromosomal DNA and not the covalently closed circular plasmid DNA.
Plasmids were separated by electrophoresis run at 80 V for 4 h in a 0.7% agarose gel containing 1ϫ TBE (Tris-borate-EDTA) buffer. The gels were stained in a 1-g/ml ethidium bromide solution, visualized under UV light, and photographed with a Polaroid camera. The sizes of the plasmids were determined by using as a standard Escherichia coli V517, which contains seven different plasmids (16) .
DNA macrorestriction and PFGE. Genomic DNA was prepared by a protocol devised from different methods published elsewhere (2, 17, 19, 30) . Bacterial cells were grown in 5.0 ml of Trypticase soy broth at 37°C overnight in a shaking water bath with agitation, and the optical density at 600 nm was measured. The optical density at 600 nm was adjusted with sterile Trypticase soy broth so that it had a cell concentration of 10 9 CFU/ml. For each isolate, 100 l of the cell suspension was pelleted by centrifugation and washed with EET buffer (100 mM , and the pellet was resuspended in 100 l of the same buffer, an equal volume of 2% melted InCert agarose (FMC Bio Products, Vallensbaek Strand, Denmark) was mixed in, and the mixture was dispensed into two wells of the plug mold. After solidification, the plugs were incubated at 37°C for 1 h in 500 l of lysis solution (lysozyme, 1 mg/ml; Tris-HCl, 10 mM; NaCl, 50 mM; sodium deoxycholate, 0.2%; sodium-N-lauroylsarcosine, 0.5%) and washed once with T 10 E 1 buffer (Tris-HCl, 10 mM; sodium EDTA, 1 mM [pH 7.5]). The agarose plugs were subsequently deproteinized in 500 l of proteinase K solution (proteinase K, 1 mg/ml; EDTA, 100 mM [pH 8.0]; sodium deoxycholate, 0.2%; sodium-N-lauroylsarcosine, 1%) at 50°C overnight, and the protein digestion products were removed by washing the plugs six times for 30 min each time with 1.0 ml of T 10 E 1 buffer. During the second wash 15 l of phenylmethylsulfonyl fluoride (100 mM) was added to inactivate the residual proteinase K activity. The E. aerogenes plugs were digested with 25 U of SpeI restriction enzyme, and a duplicate set of plugs was also digested with 40 U of XbaI restriction enzyme according to the manufacturer's instructions. The resultant fragments were resolved in the CHEF DRII system (Bio-Rad, Nazareth, Belgium) with a 1% agarose gel prepared and run in 0.5ϫ TBE buffer. The gels were run at 6 V/cm for 20 h at 14°C. The pulse time ramped from 5 to 15 s for 20 h for SpeI-restricted plugs and two linear ramps of 5 to 40 s for 12 h followed by 3 to 8 s for 8 h for XbaI-restricted plugs. The PFGE marker-I (Boehringer Mannheim, Brussels, Belgium) was used as a molecular size standard. The gels were stained with ethidium bromide (1 g/ml) and photographed under UV light.
The PFGE patterns were compared initially by visual comparison and were interpreted according to the guidelines of Tenover et al. (31) . Patterns were considered indistinguishable if every band was shared, closely related if they differed from one another by only two or three clearly visible bands, and different if they differed by seven or more bands.
With the Molecular Analyst Software Fingerprinting, version 1.0 (Bio-Rad, Richmond, Calif.), PFGE patterns were also compared and clustered into a dendrogram.
RESULTS
Bacterial strains. In this investigation, 45 E. aerogenes isolates originating from 33 hospitalized patients were available. These patients represented 84.6% of the 39 hospitalized patients from whom the organism was recovered in the year 1995. Single isolates were obtained from 26 patients, two isolates were obtained from 4 patients, three isolates were obtained from 2 patients, four isolates were obtained from 1 patient, and one isolate was obtained from a heparin vial specimen (Table  1) .
Biotyping. Fourteen different biotypes were generated among the 45 E. aerogenes isolates on the basis of the formulated profile found after positive and negative reactions in different wells of the BBL crystal E/NF identification system. The biotypes were arbitrarily designated 1 to 14. In a few patients the biotypes differed among the strains according to the site of isolation ( Table 1) .
Screening of environmental specimens. E. aerogenes was isolated from the heparin vial specimen only. No E. aerogenes was found in any of the other environmental specimens.
Antibiotyping. E. aerogenes isolates were grouped into 11 different antibiotypes depending upon their susceptibilities to 14 different antimicrobial drugs. Almost all strains were resistant to ampicillin, cefazolin, and cefuroxime but were sensitive to gentamicin, temocillin, amikacin, and imipenem. The anti- microbial resistance patterns were pooled, and it was found that 91 to 100% of the strains were resistant to ampicillin, cefazolin, and cefuroxime; 82 to 84% were resistant to cotrimoxazole, aztreonam, ceftazidime, and ciprofloxacin; 56% were resistant to ceftriaxone, 40% were resistant to piperacillin-tazobactam; 31% were resistant to amoxicillin-clavulanate; and 2% were resistant to temocillin. The antibiotypes are presented in Table 1 . Plasmid profile analysis of E. aerogenes. Plasmids were found in 43 (96%) of the 45 E. aerogenes isolates. Only one strain (from patient 29) harbored five plasmids of different sizes, whereas the rest of the strains were grouped into three different profiles depending upon the sizes and the numbers of the plasmids.
Profile A consists of a big (30 to 40 MDa) and a small (5 to 6 MDa) plasmid. A total of 29 (64%) strains belonged to this profile. Ten (22%) strains belonged to profile B, which contained a single plasmid of 5 to 6 MDa. Profile C was found for four strains (9%), which contained three plasmids (20 to 30, 15 to 20, and 5 to 6 MDa, respectively). The plasmid data are listed in Table 1 .
PFGE. All 45 strains were typeable, and the fingerprints generated with both SpeI and XbaI restriction endonucleases equally demonstrated that 36 (80%) strains were derived from a single clone, designated clone I. Six (13%) strains were closely related and were designated as being derived from clones IIa and IIb, and only three (7%) strains were found to be nonclonal. The XbaI-digested fragments were more easily interpretable than the SpeI-digested fragments (Fig. 1) . The dendrogram generated from PFGE patterns gave similar information (Fig. 2) .
Primary analysis of the clinical data from colonized and infected patients. The 45 E. aerogenes isolates were recovered from 33 patients, of whom 22 (66.7%) were infected and 11 (33.3%) were considered colonized. Most of the patients were elderly, were suffering from chronic underlying diseases, and were hospitalized in either the medical or the surgical ICU. During their hospitalization, 13 patients died (crude mortality rate, 39%). The clinical features are presented in Table 2 .
DISCUSSION
E. aerogenes is able to cause nosocomial infections, like other members of the family Enterobacteriaceae. In 1995, the incidence of E. aerogenes in our hospital was higher than those in the preceding and the following years (Fig. 3) . Among the 33 patients, the ratio of colonization and infection (1:2), as well as the high crude mortality rate (39%) among the E. aerogenesinfected patients, led us to be particularly concerned so we studied the epidemiology of this bacterium. In our study, we found that E. aerogenes colonizations or infections were endemic in the year 1995 and continued to the following year (unpublished data). The first isolated strain belonging to clone I (80% of the total isolates) appeared in January and infected a 58-year-old patient in the geriatric unit. This patient was colonized after 8 days of hospitalization and developed pneumonia and subsequently a urinary tract infection. The second acquisition occurred in April and was of a nonclonal strain that infected a 70-year-old patient in the surgical ICU; the patient developed septicemia, followed by death. From July until December, we found a real nosocomial outbreak caused by the two major clonal groups, groups I and II ( Table 2 ). Most of the acquisitions occurred among elderly patients admitted to the two ICUs and the geriatric unit or transferred among these units. In this period, patients were probably colonized or infected through patient-to-patient transmission, via hospital personnel, or from other unknown hospital devices or environmental sources. The cause of the disappearance of the predominant clonal strain (clone I) in the months of February until June is not known, but infection control measures were probably strictly maintained at that time.
We analyzed some environmental specimens (n ϭ 43), but only one E. aerogenes isolate was recovered from a patient's heparin vial (strain 4 of patient 2) used for parenteral treatment. The E. aerogenes isolate from this source did not belong to the predominant clone I and had the same antibiotype, plasmid profile, and PFGE pattern as those of two other blood isolates of the same patient. This indicates that for this patient transmission occurred through the heparin vial, which could possibly have been contaminated by the hands of the hospital personnel.
Epidemiologic typing of the bacterial strains is being performed by using phenotypic and genotypic techniques. Phenotypic techniques are insufficient for discriminating among the isolates of different Enterobacter spp. In the present investigation, we found 14 different biotypes and 11 antibiotypes among the 45 E. aerogenes isolates, and these typing patterns failed to give any particular association between the strains. It was evident, however, that most of the strains were resistant to ampicillin, co-trimoxazole, aztreonam, ceftazidime, cefazolin, cefuroxime, and ciprofloxacin. DNA-based techniques have successfully been applied to demonstrating the differences be- tween E. aerogenes strains in several studies (7, 11, 12, 13) . In this study, we compared the results of plasmid profiling and PFGE analysis for the typing of E. aerogenes strains and demonstrated that a single clone was present over a period of 1 year. Plasmid analysis has been used most widely as a molecular method for comparing nosocomial isolates. In our study, the strains were divided into two major profiles, whereas two strains did not contain any plasmid. Instability of the plasmid profiles caused by the acquisition or loss of the plasmids is a great disadvantage of this method. Nevertheless, we found a good correlation between plasmid profiling and the other DNA-based method that we used, i.e., PFGE. Furthermore, no correlation could be found between plasmid profiles and antibiotypes (Table 1) .
To date, PFGE is the most powerful method for the analysis of nosocomial isolates because of its high reproducibility and discriminatory power (18, 27) . Until now it is recommended as the "gold standard" for defining a clone in various nosocomial bacterial populations. In the present study, we found that almost all strains were clonal and that 80% of all strains were derived from a single clone that caused infection or colonization throughout the year. We evaluated two low-frequencycleaving enzymes, SpeI and XbaI, and found that the results obtained with both enzymes were equally reproducible but that the results were more easily interpretable with XbaI-resolved fragments ( Fig. 1A and B) . Moreover, use of the XbaI restriction enzyme was more cost-effective than use of SpeI (about 1/10 the price of SpeI [GIBCO-BRL]).
Our study emphasizes the value of molecular typing methods for detecting the clonalities of strains in the investigation of nosocomial outbreaks caused by E. aerogenes. In conclusion, we found that plasmid profiling and PFGE with XbaI and/or SpeI macrorestriction were both useful for the epidemiologic typing of nosocomial E. aerogenes isolates. In most cases both techniques provided the same information that differentiated the unrelated strains and identified nosocomial outbreak-related organisms. Plasmid profile analysis is faster and requires less expertise than the PFGE method. It is suggested that it can be used as a screening method, whereas PFGE is more confirmatory but requires the use of expensive instruments and more expertise.
